Watching television and playing video game being seated represent sedentary behaviours and increase the risk of weight gain and hypertension. We investigated the acute effects of violent and non-violent video-game playing on blood pressure (BP), appetite perception and food preferences. Forty-eight young, normal-weight men (age: 23.1 ± 1.9 years; body mass index: 22.5 ± 1.9 kg/m 2 ) participated in a three-arm, randomized trial. Subjects played a violent video game, a competitive, non-violent video game or watched TV for 1 h. Measurements of BP, stress and appetite perception were recorded before a standardized meal (B300 kcal) and then repeated every 15 min throughout the intervention. Violent video-game playing was associated with a significant increase in diastolic BP (D ± s.d. ¼ þ 7.5 ± 5.8 mm Hg; P ¼ 0.04) compared with the other two groups. Subjects playing violent video games felt less full (P ¼ 0.02) and reported a tendency towards sweet food consumption. Video games involving violence appear to be associated with significant effects on BP and appetite perceptions compared with non-violent gaming or watching TV.
INTRODUCTION
Sedentary behaviours such as playing video games, using computers and watching television have been associated with an increased risk for obesity 1 and increased level of blood pressure (BP). 2 Both video-game playing and TV watching have also been associated with an increased energy intake. 1 Both activities cluster with unhealthy dietary choices (sweets, salty snacks) and aberrant dietary habits (snacking, take-away food), which may increase the risk for weight gain. 1 A distinctive feature of recent video games is a violent component that has been recognized as a risk factor for addictive and aggressive behaviours 3 as well as an adverse cardio-metabolic function. 4 This may be mediated by increased activation of the stress response, which has also been associated with increased risk for weight gain through deregulation of appetite control. 5 A three-arm, randomized controlled trial was designed to test whether the effects of violent video-game playing on BP, appetite perception and food preferences in young normal-weight men were greater compared with non-violent video-game playing and TV watching.
METHODS Subjects
Forty-eight, normal-weight (BMI:18.0-25.0 kg/m 2 ), non-smoking men (age range: 18-30 years) were recruited. The study was approved by UCL Ethics committee and participants provided written informed consent. The trial was registered in the International Standard Randomised Controlled Trial Number Register (ISRCTN22537903, http://www.controlled-trials.com/isrctn/). The inclusion and exclusion criteria and the recruitment flowchart are reported in the online Supplementary Material (Supplementary Figure S1 ).
Protocol
Eligible subjects were randomized (n ¼ 16 per group) to a 1-h intervention including either (1) violent video-game playing (gun-shooting and combat, Grand Theft Auto St Andreas, Rockstar North, UK), (2) non-violent, competitive video-game playing (football, FIFA 2008, EA Sports, Canada) or (3) non-violent TV watching (situational comedy, Friends, Bright/ Kauffman/Crane Productions, USA). The video games and TV programmes were run on a Sony Playstation 2 system (Sony Computer Entertainment, San Marco, CA, USA). An outline of the measurement protocols performed during each intervention is provided in the online Supplementary Material. The primary outcomes of the study were differences in changes in BP between the three groups. Secondary outcomes of the project were differences in stress and appetite perceptions (hunger, fullness, desire for food and prospective eating) between the three groups measured using standardized Visual Analogue Scales. 6, 7 A formal sample-size calculation, the randomization procedure and a summary of the study protocol are provided in the online Supplementary Material.
Statistical analysis
A univariate analysis of variance was used to test the differences between the three groups at baseline. The effects of the interventions on BP and appetite perceptions were tested using a three-way within-subject analysis of variance. The Greenhouse-Geisser correction was used to have a more conservative approach. The baseline measure for the dependent variable entered into the model was used as a covariate in each analysis. P-values o0.05 were considered as statistically significant. All the statistical analyses were completed using SPSS for Windows (SPSS, version 17.0; SPSS Inc., Chicago, IL, USA).
RESULTS
Subjects had an average age and BMI of 23.1 ± 1.9 years and 22.5 ± 1.9 kg/m 2 , respectively. The three groups were matched for baseline characteristics (age, BMI, waist circumference, systolic BP, diastolic BP and heart rate (HR)) as well as for the measure of affective and appetite responses (Supplementary Tables S1 and S2) Violent video-game playing seemed to have a greater effect on fullness as differences between the three groups were statistically significant (G Fullness : P ¼ 0.02, G*T: P ¼ 0.05; Figure 2d ). The satiety quotient score of the violent video-game group was also significantly higher compared with the other two groups (Supplementary Figure S3) . Subjects in the violent group expressed a tendency to prefer sweet food during violent videogame playing, as values almost returned to baseline compared with the other two groups. The difference between groups was, Figure 2 . Video-game playing and acute effects on appetite perceptions. Absolute mean changes relative to baseline were calculated for perception of hunger (a), desire for food (b), prospective eating (c) and fullness (d). The effects were tested in 48 healthy normal-weight men who were randomised to violent video-game playing (n ¼ 16), non-violent video-game playing (n ¼ 16) or TV watching (control, n ¼ 16) for 60 min. Error bars are 1 s.e.m.
however, not significant due to the large between-subject variability (G Sweet food : P ¼ 0.54, G*T: P ¼ 0.34) (Supplementary Figure S4) . We did not observe differences for preferences for salty, savoury and fatty food (Supplementary Table S3 ).
DISCUSSION
Our findings suggest for the first time that violent games exert more significant effects, compared with non-violent games, and may identify a new health concern for video games beyond their promotion of sedentary behaviour. Violent video-game playing elicited a higher cardiovascular load in a state of low physical activity (seated playing and unchanged HR), most likely through the activation of the stress response. Subjects in the violent video-game group experienced a progressive increase in diastolic BP that, if protracted, may represent an important cardiac stressor. Subjects felt more stressed and tense during the non-violent video-game playing compared with TV watching, whereas subjects in the violent video-game group felt less tired and more alert while playing.
Similar to the findings for BP, the impact of video-game playing on appetite perceptions was again more prominent in the violent group, as fullness scores returned more rapidly to baseline levels. The changes in fullness were accompanied by a tendency in the violent group for sweet food, which may point to mechanistic clues on how video-game playing may interact with food choices and alter the metabolic and brain reward pathways. The fact that the violent component induced a faster return of feelings of fullness to baseline values suggests that violent video-game playing might predispose to a greater energy intake. Previous studies have reported that distracting activities such as TV watching and seated video-game playing were associated with greater energy intake and attenuation of sensory-specific satiety. 8, 9 Thus, the subjects playing the violent video game may have been subjected to a greater distraction, weakening the ability to interpret and process visceral sensations generated by eating, inducing reduced perceptions of fullness compared with the other two groups. 8 This hypothesis remains to be tested in future studies.
The limitation of the study is that the intervention involved only a single session. The study needs to be repeated using longer protocols to look at whether continuous playing over a period of several days or weeks may be associated with sustained changes in BP and body weight. The fact that all trial participants were already familiar with violent games was not only a limitation (as effects might have been greater in those naive to such games) but also a strength (as our findings indicate that outcomes are influenced even in regular players).
Biomarkers of stress activation and appetite control will need to be measured to elucidate the underlying mechanisms.
In conclusion, our findings demonstrate an increase in diastolic BP and a reduced perception for fullness during violent videogame playing, and add to the on-going dispute regarding their overall health effects. 10 Violent video games seem to impact both components of the energy balance equation and may favour weight gain by increasing appetite while failing to increase energy expenditure (as indicated by unchanged HR). If confirmed in further trials, our results could have profound implications for the understanding of the aetiology of metabolic diseases such as obesity and hypertension.
